Introduction
Orobanche alba Stephan ex Willd. (Orobanchaceae) has a European-West-Asiatic distribution (Pusch & G¸nther 2009 ). It is widely distributed but rare. It has been recorded in western, central, and southern Europe (from eastern Spain) and eastwards to Asia Minor and the Himalayas. Its northern limits are in Ireland, Scotland, Gotland, southern Belgium, central Germany, and south-eastern Poland (Kreutz 1995) . The species belongs to subsection Glandulosae (Beck) Teryokhin, which in Poland includes also O. pallidiflora . The analysed species is subdivided into many lower taxa, which differ in morphometric characteristics, colour, hosts, etc. (Beck 1890 (Beck , 1922 (Beck , 1930 . In Central Europe, 2 subspecies are distinguished: subsp. alba, which parasitizes Thymus, and subsp. major (»elakovsk˝) Z·zvorka, which parasitizes Salvia (Kirschner & Z·zvorka 2000; Z·zvorka 2000) . Irrespective of the distinguished lower taxonomic units, the species infests mostly species of the genera Thymus and Salvia, while rarely Clinopodium, Acinos, Origanum, Satureja, and Stachys (Beck 1930; Uhlich et al. 1995) .
The range of preferred plant communities is poorly studied and described only in general terms. The species has been recorded most frequently from communities of the class Festuco-Brometea (orders FestucoSedetalia, Seslerietalia variae, alliances Bromion erecti and Stipo-Poion xerophilae, order Festucetalia valeIran. It infests mostly Campanula collina in alpine and subalpine grasslands (Tzvelev 1957; Novopokrovskij & Tzvelev 1958) . Recently a new subspecies and form have been described from north-western Caucasus, as parasites on Origanum vulgare: O. †alba subsp. xanthostigma R‰tzel & Uhlich and f. sineglandulosa R‰tzel & Uhlich (R‰tzel & Uhlich 2004) . The same subspecies is also found in Bulgaria (Stoyanov 2006) . In Ukraine, in the Carpathians, on subalpine grasslands and in neighbouring habitats, O. †alba subsp. subalpina is now regarded as a species, O. †subalpina Herbich (Kotov 1999 ). The taxon is very similar to O. †alba subsp. alba, so they are probably synonyms. Orobanche subalpina is supposed to be distinguished by intensive colour of the corolla, flowers up to 15 †mm long, and occurrence mostly in the montane and subalpine zone. I have visited montane and subalpine grasslands and neighbouring habitats in the Chornohora mountain range (Outer Eastern Carpathians in Ukraine), but the individuals observed there look like O. †alba subsp. alba, and the host is also the same (Thymus). In all probability, the most intensively coloured individuals were classified by Kotov (1999) as O. †subalpina but in fact should be classified as a form or subspecies. This requires further research. O. †alba subsp. alba is morphologically similar to O. †teucrii Holandre (a parasite of Teucrium) and may be easily confused with it, especially in the case of herbarium specimens.
O. †alba subsp. major was first described by »ela-kovsk˝ (1871) as O. †epithymum DC. var. major »elak. Next, Beck (1890 , 1930 (Fig. 2) . It is listed also generally as a parasite on Salvia in Ukraine (Kotov 1999) . From Bulgaria, only f. maxima has been reported, but as a parasite on Acinos and Thymus (Stoyanov 2006) , and generally from Serbia (KojiÊ et al. 2001) .
Materials and methods
Field research was conducted in 1999-2011, but mostly in 2006-2011. In parallel, I †revised all the herbarium materials of Orobanche alba available in Poland. The materials are deposited in herbaria KRAM, KRA, KRAP, KTC, KTU, LOD, LBL, POZ. Herbarium acronyms are given after Mirek et al. (1997) . The nomenclature of vascular plants follows Mirek et al. (2002) . The nomenclature of syntaxa is based on Matuszkiewicz (2006) and Winnicki (1999 In total, 60 seeds (30 of O. †alba subsp. alba and 30 of subsp. major) were measured in respect of 10 characters listed in Table 4 . The seeds were analysed and prepared in the laboratory of Seed Conservation Department, Millennium Seed Bank, Wakehurst Place, UK. Seed material was mounted onto stubs using doublesided tape, next coated with platinum by using an Emitech K550 sputter coater, and examined using a Hitachi cold field emission SEM S-4700-II (Hitachi High Technologies Corp., Tokyo, Japan) in the Royal Botanic Gardens, Kew, UK. Seeds were also examined in the Department of Botany, Jan Kochanowski University in Kielce. Microscopic observations were carried out with a stereo microscope NIKON SMZ800 and a biological microscope NIKON Eclipse 50i with COOLview programme. Data were examined using Statistica 7.1. The herbarium specimens from which the seeds were collected are listed in Appendix 1.
Results

Distribution in Poland
Orobanche alba subsp. alba In the High Bieszczady Mts., the taxon is recorded from the foothills to the highest peaks (altitude 630-1300 m). As early as in the 19 th century, it was observed in Berehy GÛrne (now Brzegi GÛrne), Przys≥up, Bukowe Berdo, WyøniaÒski Wierch 950 †m (Knapp 1869 (Knapp , 1872 (Fig. 3, Appendix 3 ). Most of its localities were discovered in (Piwowarczyk 2010 , 2012 Piwowarczyk et al. 2011) . Only few records were made in the 1950s and 60s (based on herbarium specimens). Fija≥kowski (1994 Fija≥kowski ( , 1995 reported Orobanche alba only generally, from several unspecified localities in the Lublin Upland, as a rare species, found mostly in xerothermic grasslands and shrub communities of the classes Festuco-Brometea, Trifolio-Geranietea sanguinei, and of the association Peucedano cervariae-Coryletum, primarily on rendzinas (humus-rich soils) on chalk. The species was also sporadically recorded by Kucharczyk (2001) in the Ma≥opolska Vistula Gorge.
Preferred habitats, plant communities and flowering season
Orobanche alba subsp. alba in Poland is found in mountains and in the submontane zone, also in the Przemyúl Foothills (altitude 250-355 m). In the Western Bieszczady (part of Outer Eastern Carpathians), recorded at 630-1300 †m, but now observed at (525)730-980 m, in upper parts of the lower montane zone and subalpine or alpine grasslands, usually on S and SWfacing slopes, with a slope angle of 20-30∞, rarely also on railway embankments and steep roadside slopes. In the Low Bieszczady Mts., recorded at 300-380 m (Zemanek 1989), in rather specific topoclimatic conditions. Annual mean temperature is 2-4∞C. The warmest month is July, while February is the coldest. Annual precipitation is about 1100-1200 †mm, and snow cover lasts on average 120 days (Winnicki 1999). The Bieszczady are composed mostly of Carpathian flysch, rankers (Cambic Rankers), rarely on raw soils (Lithosols and Regosols). Soil pH varies widely: raw soils pH 3.5-5.0, highly acidic soils) pH (4.0)5.0-6.5(7.0); while saturation with alkalis in acid brown soils is 5-15% and 60-90% in brown soils proper (Skiba et al. 1998) . In Przemyúl Foothills, O. †alba subsp. alba is recorded in distinct and much warmer and calciphilous communities of thermophilous forest edge communities of the class Trifolio-Geranietea sanguinei, and in xerothermic grasslands of the class Festuco-Brometea, as well as on dry and warm roadsides (M. Wolanin, oral communication).
Orobanche alba subsp. major prefers sunny sites, usually gentle S or SW-facing slopes; rarely found at flat sites; altitude about 130-300 m. These include xerothermic grasslands, thermophilous shrublands, frequently with a high contribution of Juniperus communis; located on slopes of hills, river valleys, gullies, edges of forests and fields, in former quarries, rarely on archaeological sites, e.g. remnants of medieval fortified settlements (e.g. GrÛdek in SE Poland), or on hills and calcareous islands (so-called grπdziki in Polish) with xerothermic vegetation, located within wet meadows and marshes, e.g. Cladietum marisci, which is rare in Poland, and calcareous fens of the alliance Caricetalia davallianae (e.g. nature reserve Brzeüno near Che≥m). O. †alba subsp. major prefers alkaline soils, usually shallow rendzinas formed on chalk marl and limestone, loess, and chernozem (black-earth soil). It is recorded most frequently in communities of the alliance CirsioBrachypodion pinnati (class Festuco-Brometea), especially O. alba subsp. major on flowery or initial dry grasslands, i.e. AdonidoBrachypodietum pinnati, Inuletum ensifoliae, ThalictroSalvietum pratensis. As a result of natural plant succession in grasslands, the communities have a high contribution or mosaic of species of thermophilous herbaceous forest edge communities of the alliance Geranion sanguinei (class Trifolio-Geranietea sanguinei) and shrub communities, particularly of the alliance Berberidion (class Rhamno-Prunetea), as well as meadow species of the alliance Arrhenatherion elatioris (class Molinio-Arrhenatheretea). All the †communities mentioned above include a high contribution of host species of the genus Salvia, especially of S. verticillata, coverage about 25-50% (Table 3 ). The height of the flowering season of Orobanche alba subsp. alba is usually about mid July in the Przemyúl Foothills. In the Bieszczady Mts., flowering specimens were most often observed in late July, but sometimes the flowering season lasted till mid August. By contrast, O. †alba subsp. major flowers slightly earlier. The height of its flowering season is usually in early June to early July. For comparison, in the Czech Republic and in Hungary, subsp. alba flowers from early May to mid June, while subsp. major from May (rare) to mid June, sometimes to mid August (Barina 2009, Z·zvorka 2000).
Seed micromorphology
Seeds of Orobanche alba are oblong to ellipsoid, ovoid, rarely pear-shaped, 300-450 †◊ 200-300 †µm, dark brown. Epidermal seed coat reticulate, composed of isodiametric or tangentially elongated cells, 40-200 †◊ 30-100 †µm. Anticlinal walls of shallow or medium depth, with a narrow trough evident all around the edges of the cells and at the vertices. Periclinal wall with perforations, 1.5-6 †µm. Cell wall 2-6 †µm thick. To analyse differences between subspecies of O. †alba, 10 micromorphological characters of seeds were used (Table †4) 
Discussion
Orobanche alba in Poland is distributed only in the south-east, i.e. in the Lublin Upland, Roztocze Hills, Polesie, Przemyúl Foothills, and the Western Bieszczady Mts., rarely in the eastern part of Ma≥opolska Upland. Both subspecies distinguished by Z·zvorka (2000) in central Europe, because of differences in morphology and preferred hosts, are found also in Poland. Results of my research show that the 2 subspecies differ also in ranges of regional distribution, habitat types, plant communities, and phenological periods.
It is noteworthy that splitting of the species into the subspecies listed above is possible only in Central Europe and, in my opinion, it is rather simplistic, according to the current knowledge. Because of the large number of described forms, varieties and subspecies within the distribution range and the poor knowledge of hosts of this species, it is necessary to revise its classification and continue field research.
Orobanche alba subsp. alba in Poland is found in mountains and in the submontane zone, less frequent on foothills; recorded in the Polish part of Outer Eastern Carpathians: in the Bieszczady Mts., Sanocko-TurczaÒskie Mts., and in Przemyúl Foothills, at altitudes of (250)300-980(1300) †m. In the Bieszczady Mts., climatic conditions are specific: long-lasting snow cover, low temperature, high precipitation, strong and drying winds, and short growing season. The taxon is reported most frequently from transitional communities, e.g. mesophilous meadows of the order Arrhenatheretalia (class Molinio-Arrhenatheretea), tall-herb communities and grass-dominated communities of the alliance Calamagrostion villosae (class Betulo-Adenostyletea), mat-grass pastures of the alliance Eu-Nardion (class Nardo-Callunetea), and high-mountain Carpathian bilberry communities Vaccinietum myrtilli (class Vaccinio-Piceetea). They are found chiefly on brown soils, rarely on rankers or raw soils with a relatively low pH. In Przemyúl Foothills, O. †alba subsp. alba is recorded in much warmer and calciphilous communities of thermophilous forest edge communities of the class Trifolio-Geranietea sanguinei, and in xerothermic grasslands of the class Festuco-Brometea.
Most of the Polish localities of Orobanche alba subsp. major were discovered or confirmed in the last 6 years (Piwowarczyk 2010 (Piwowarczyk , 2012 Piwowarczyk et al. 2011 Population size varies greatly between localities and between years. Local populations of Orobanche alba subsp. alba are usually small. In the Przemyúl Foothills, they are usually composed of 1-2 shoots, while in the Bieszczady Mts., usually of 5-10 shoots. The largest populations, of about 30-50 shoots, are located on Po≥onina CaryÒska and the eastern part of Po≥onina WetliÒska. In total, more than 300 shoots have been observed there but they are scattered throughout nearly the whole range. Populations of O. †alba subsp. major are much larger, composed of (5)10-20(30) shoots. The largest population was found near Lasocin and includes over 80 shoots. More than 50 shoots were recorded also in Brzeüno, Kolonia Leszczany, Huszczka Duøa, Machnowska Mt., and MÍÊmierz.
This study is first to compare seed micromorphology of both subspecies, by using SEM. The results show that subsp. alba has smaller seeds, epidermal cells, and thinner walls than subsp. major. Substantial differences were observed in ornamentation of periclinal walls. In subsp. alba, its perforations were much smaller and more rounded than in subsp. major, where they were often elongated or oval. Morphological characters of seeds may help in verification of herbarium specimens. Similar observations were made by Plaza et al. (2004) , but they concerned O. †alba s.l., without division into subspecies and without reference to preferred hosts. Seeds of O. †alba were classified by the cited authors as Type II, subtype A: seed size 290-460 †◊ 170-280 µm, cell shape isodiametric to tangentially elongated, narrow trough evident all around the cell edges.
Orobanche alba is classified as vulnerable in the Polish part of Carpathians (Kaümierczakowa 2008) , and as critically endangered in the Ma≥opolska Upland (BrÛø & Przemyski 2009) . It is also noteworthy that Poland lies at the northern limit of its distribution. The species is threatened mostly by secondary succession resulting from the abandonment of the traditional livestock farming system. The poloninas in the Bieszczady Mts. were created thanks to human activity (e.g. livestock grazing, hay harvesting), so when the human disturbance is stopped, they are gradually overgrown, mostly by Vaccinium myrtillus and Deschampsia caespitosa, or grassdominated communities of the alliance Calamagrostion villosae. Thus active protection of the habitats is necessary (e.g. livestock grazing, hay harvesting). Moreover, the Bieszczady Mts. are visited by large numbers of tourists and this may have a negative effect on the natural environment, e.g. due to treading. Populations of this species are located within the Transboundary Biosphere Reserve ìEastern Carpathiansî recognized under UNESCOís Man and the Biosphere (MAB) Programme. The area is protected also as the Bieszczady National Park and Cisna-Wetlina Landscape Park, or the nature reserve Sine Wiry. Anyway, many of its local populations, first recorded in the 19 th century, still exist. In the Przemyúl Foothills, most of the localities are within the Przemyúl Foothills Landscape Park (Park Krajobrazowy PogÛrza Przemyskiego), while the one in Ulucz, within the East Beskid Landscape Protection Area (Wschodniobeskidzki Obszar Chronionego Krajobrazu). At present, those local populations do not seem to be threatened, but they need to be monitored.
Similarly, O. †alba subsp. major is also exposed to secondary succession and colonization by woody vegetation. Many local populations are situated very close to arable fields, where they may be affected by agrochemicals. Most of such localities are not protected in any way, except for the nature reserves Ømudü, Brzeüno, Machnowska Mt., or some Natura †2000 sites. However, this does not ensure the survival of the species there, since active protection is necessary. At least some localities need to be monitored and actively protected as so-called Ñecological groundsî (in Polish uøytki ekologiczne), by means of hay harvesting or livestock grazing. This would prevent an excessive development of herbaceous vegetation and shrubs, and would preserve the specific mosaic of habitats and forest edge communities.
